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BRIEF TECHNIQUE REPORTSPostoperative pulmonary hypertensive crises and right-sided
heart failure remain the predominant cause of death in patients
undergoing septation of the aortopulmonary window with
moderate-to-severe pulmonary arterial hypertension
(PAH).1,2 Although a unidirectional, fenestrated valved patch
has been used in the setting of hypertensive atrial and ventric-
ular septal defects to decompress the right-sided chambers in
the event of pulmonary hypertensive crisis, there is no pub-
lished report of aortopulmonary septation using this technique
so far.3,4We report the technique and results in 7 patients with
a large aortopulmonarywindowwith severe PAH using a fen-
estrated, unidirectional, valved polytetrafluoroethylene patch.
CLINICAL SUMMARY
Between January 1999 and December 2007, 7 patients un-
derwent aortopulmonary window repair by a single surgeon
using the surgical technique described after informed written
consent and institutional ethics committee approval were
obtained.
The demographic characteristics of all 7 patients are pre-
sented in Table 1. The diagnosis was established preopera-
tively by echocardiography, cardiac catheterization, and
angiocardiography in all patients. Reversal of pulmonary
vascular resistance (PVR) to 2.6 to 8.5 woods units/m2 after
oxygen (100%) and nitric oxide (80 PPM) administration
for 10 minutes suggested operability in all patients.
We used a transwindow approach to repair the aortopul-
monary window by sandwich patch closure technique in
these patients. On moderately hypothermic cardiopulmo-
nary bypass, the right and left pulmonary arteries were tem-
porarily snared and the heart was arrested using cold
hyperkalemic blood cardioplegia. The anterior wall of the
aortopulmonary window was opened vertically in between
stay sutures. The defect was assessed, and the aortic and pul-
monary valves were anatomically separated.
The unidirectional valve patch constructed from a polytetra-
fluoroethylene (WL Gore and Associates, Flagstaff, Ariz)
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doi:10.1016/j.jtcvs.2008.09.043The Journal of Thoracic and Cpatch approximately as large as the defect, fenestrated with
a 4-mm aortic punch, was used to close the defect in all
patients.Aquadrangular pieceof untreatedpericardiumwas at-
tached by 6-0 Prolene suture to the surface of the polytetra-
fluoroethylene patch. The 3 edges of the pericardium were
continuously sutured, and 1 edge was left unsutured. This un-
attached edge of pericardiumwill be functioning as a valve, the
opening of which should not exceed 0.5 cm (Figure 1, A–D).
The prosthetic patch is sewn to the superior, posterior, and in-
ferior rimof the defect, avoidingocclusionof thecoronary ostia
and origins of the pulmonary arteries. The incision is subse-
quently closed interposing the patch in the anterior suture line.
After repair, patients were weaned from cardiopulmonary
bypass in the usual manner. Postoperative management
included continuous monitoring of pulmonary artery (PA)
pressure and the use of ionodilators and pulmonary vasodila-
tors isolated or in combination. After 24 hours, all patients had
a paroxysmal pulmonary hypertensive crisis that was treated
accordingly. Echocardiography during the period of pulmo-
nary hypertensive crisis demonstrated a perfectly positioned
aorticopulmonary partition, right-to-left shunting through the
fenestration in all, clearly documenting its role as temporary
valved vent. Serial echocardiography revealed normalization
of PA pressure by the tenth to fifteenth day with gradual clo-
sure of the unidirectional valve and improved hemodynamics.
There were no early or late deaths on follow-up visit rang-
ing from 18 to 120 months (median 71 months). All patients
are in New York Heart Association class I with SaO2 ranging
from 94% to 98% (median, 96%) at their last follow-up
visit, and none required anti-failure medications. Two-
dimensional Doppler echocardiogram and computed tomo-
graphic angiography revealed normal biventricular function
and absence of flow through the fenestrated aorticopulmo-
nary septum without any distortion of aortic and pulmonary
root structures and right and left pulmonary arterial origins.
DISCUSSION
The safe upper limit of PA pressure and PVR in patients
with aortopulmonary window undergoing surgical correc-
tion remains unclear. Consensus exists that surgical closure
of the aortopulmonary window should not be performed
when the PVR is more than 10 Woods Units, the ratio of
pulmonary to systemic flow (QP/QS) is less than 1.5, the
pulmonary-to-systemic vascular resistance ratio is greater
than 0.7, and the SaO2 less than 90%.
1-4
Several investigators have demonstrated a variable rela-
tionship among PA muscularity, pressure, and resistanceardiovascular Surgery c Volume 138, Number 6 1433
Brief Technique ReportsTABLE 1. Demographic data, cardiac anatomy, type of operation, and results of patients under study
Patient
No. Age Sex
Weight
(kg) Diagnosis Preoperative catheterization data Operation Results
1. 1 mo Female 5.0 Aortopulmonary
window (type I)
PAP (mm Hg) S/D ¼ 90/18, M ¼ 42 mm
Hg SPAP/SABP¼ 1.0 PVR (room air)
¼ 4.8 wu/m2 PVR (100% oxygenþ
NO) ¼ 2.6 wu/m2 SaO2 97%
Fenestrated, valved,
aortopulmonary
partition
Alive and well
at 120 mo
2 2 mo Male 6.0 Aortopulmonary
window (type I)
PAP (mm Hg) S/D ¼ 96/28, M ¼ 51 mm
Hg SPAP/SABP¼ 1.2 PVR (room air)
¼ 5.2 wu/m2 PVR (100% oxygenþ
NO) ¼ 3.0 wu/m2 SaO2 96%
Fenestrated, valved,
aortopulmonary
partition
Alive and well
at 106 mo
3 10 mo Male 7.2 Aortopulmonary
window (type I)
PAP (mm Hg) S/D ¼ 110/36, M ¼ 57
mm Hg SPAP/SABP ¼ 1.2 PVR
(room air) ¼ 9.0 wu/m2 PVR (100%
oxygenþNO) ¼ 5.0 wu/m2 SaO2 92%
Fenestrated, valved,
aortopulmonary
partition
Alive and well
at 94 mo
4 8 y Male 16 Aortopulmonary
window (type II)
PAP (mm Hg) S/D ¼ 116/32, M ¼ 60
mm Hg SPAP/SABP ¼ 1.4 PVR
(room air) ¼ 16.0 wu/m2 PVR (100%
oxygenþNO) ¼ 7.0 wu/m2 SaO2 92%
Fenestrated, valved,
aortopulmonary
partition
Alive and well
at 71 mo
5 19 y Male 36 Aortopulmonary
window (type I)
PAP (mm Hg) S/D ¼ 124/38, M ¼ 66
mm Hg SPAP/SABP ¼ 1.6 PVR
(room air) ¼ 14.0 wu/m2 PVR (100%
oxygenþNO) ¼ 8.2 wu/m2 SaO2 92%
Fenestrated, valved,
aortopulmonary
partition
Alive and well
at 60 mo
6 20 y Male 48 Aortopulmonary
window (type I)
PAP (mm Hg) S/D ¼ 118/28, M ¼ 58
mm Hg SPAP/SABP ¼ 1.6 PVR
(room air) ¼ 18.0 wu/m2 PVR (100%
oxygenþNO) ¼ 8.5 wu/m2 SaO2 94%
Fenestrated, valved,
aortopulmonary
partition
Alive and well
at 46 mo
7 23 y Female 50 Aortopulmonary
window (type I),
subaortic stenosis
PAP (mm Hg) S/D ¼ 116/36, M ¼ 62
mm Hg SPAP/SABP ¼ 1.6 PVR
(room air) ¼ 18.0 wu/m2 PVR (100%
oxygenþNO) ¼ 8.0 wu/m2 LV to
aortic gradient¼ 40 mm Hg SaO2 88%
Fenestrated, valved,
aortopulmonary
partition, resection
of subaortic
membrane
Alive and well
at 18 mo
LV, Left ventricle; NO, nitric oxide; PAP, pulmonary artery pressure; PVR, pulmonary vascular resistance; S/D/M, systolic, diastolic, mean; SPAP, systolic pulmonary artery pres-
sure; SABP, systolic arterial blood pressure.in different types of congenital heart diseases and addressed
the difficulties inherent in using a grading system to evaluate
the severity of the disease and prediction of operative out-
come.5 In practice, therefore, it is difficult to identify the pro-
portion of late presenters of septal defects with severe PAH
who will have a protected pulmonary vascular bed before
biventricular repair.
One important finding of our investigation given their age
at surgery is the occurrence of suprasystemic PA pressure in
the postoperative period in all patients with unstable
hemodynamics despite optimal perioperative management.
During episodes of pulmonary hypertensive crises, the
fenestrated, valved, aorticopulmonary septum acted as a
temporary ‘‘pop-off’’ valve, permitted right-to-left shunt-
ing, increasing left ventricular preload and cardiac output,
albeit at the expense of some degree of systemic desatura-
tion. Our initial concern was the possibility of excessive
shunt across the fenestration because of its location within
the great arteries. To address these concerns, the pericardial
flap should be placed on the left side (systemic) of the defect
with the opening of the unattached edge of the pericardium1434 The Journal of Thoracic and Cardiovascular Sshould not exceed 0.5 cm and appropriate tension should be
maintained on the pericardial edge, so that the valve mech-
anism is neither too loose and incompetent nor too tight to
lose its valve effectiveness.
It is conceivable that the unidirectional valve will close
and block the shunt once the PA pressure normalizes. Our
study demonstrated early normalization of PA pressure, in-
dicating that pulmonary hypertension was mostly reactive.
Therefore, this series does not allow evaluation of long-
term clinical outcome of this device. Second, this technique
obliges one to use a transwindow technique with a single
patch, which can lead to leaks or distortion of the branch pul-
monary arteries, especially in infants and neonates.
CONCLUSIONS
The use of a 1-way, valved aorticopulmonary septal patch
as part of the surgical repair may allow decompression of the
right-sided chambers in the event of perioperative pulmo-
nary hypertensive crises, thus preventing postoperative
right-sided heart failure. This technique further improves
the surgical results without having to resort to reinterventionurgery c December 2009
Brief Technique Reportsfor closure of fenestration once the reactive components of
pulmonary hypertension disappear.
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FIGURE 1. Construction of the unidirectional, fenestrated, valved, aorticopulmonary patch to be used for aortopulmonary septation of the aortopulmonary
window. A, View from the aortic side of the septum. A 4-mm fenestration is created in the center of the polytetrafluoroethylene patch. Three sides of the
pericardial patch are attached, and 1 side is left open to function as a valve measuring up to 0.5 cm away from the fenestration. B, View from the pulmonary
arterial side of the septum showing the fenestration and suture line. C, View from the aortic side showing the tip of an artery forceps through the fenestration
and the unattached pericardial patch. D, View from the pulmonary arterial side showing the valvular mechanism to allow blood to flow only from the PA to
aorta, when the PA pressure turns suprasystemic. F, Fenestration; V, valve; P, patch.The Journal of Thoracic and Cardiovascular Surgery c Volume 138, Number 6 1435
